INTRODUCTION
It was emphasized by the author in a previous report (1930) that the demonstration of carbohydrates utilized by organisms of the genus Mycobacterium presents a somewhat different problem from that involved in demonstrating carbohydrate utilization by most other bacteria. Whereas it has generally been customary to demonstrate carbohydrate utilization by noting the accumulation of acid in the media it was shown that this method is not applicable in the case of organisms of the genus Mycobacterium. Similarly, it was emphasized in the previous report that determinations of the reaction curves, using standard meat infusion broth as the basis of the media, are of little if any value in determining whether carbohydrates are utilized.
When direct quantitative determinations were made it was found that a number of carbohydrates were utilized by these organisms. A study was also made of the method of utilization and the evidence obtained indicated that no intermediate products of carbohydrate cleavage accumulate in the media during the growth of organisms of this genus.
The method employed for determining utilization gave information concerning utilization of the reducing sugars only. In order to determine the extent to which other carbon compounds were utilized another method of study had to be devised. Briefly stated, a synthetic medium was used which contained the carbon compound under investigation as the sole carbon source. The appearance of growth and reaction change in the media indicated utilization. The details of the method will be given below.
That bacteria will grow in media of relatively simple composition has been known for a long time. The earlier work in which synthetic media were used in studies of the metabolism of the tubercle bacillus has been reviewed by Wherry (1913) . A more extensive review and discussion was published later by Long (1923) .
Various synthetic media were used by Wherry (1913) in a study of the acid fastness and non-acid fastness of organisms in cultures of a saprophytic strain of the tubercle bacillus. In one of these media ammonium chloride was used as the sole source of nitrogen. Kendall et al. (1914) used a medium containing ammonia as the sole source of nitrogen and obtained growth of several species of acid-fast organisms. In addition their medium contained phosphate, sulphate, and sodium chloride, and had glycerol as the carbon source. They were able to obtain growth of a rapidly growing strain and slight growth of a more virulent strain of Myco. tuberculosis in this medium.
Later H. Braun and Cohn-Bronner (1921) adopted a similar method for the study first of Bacillus para-typhosus Beta and later (1921a) (1921b) Immediately after solution had been effected the respective media were sterilized by filtration. Subsequent tubing was accomplished as outlined in the reaction curve determinations in a previous report (1930) . Incubation at 37°C. for a period of one week followed as a check on the sterility of the media. Contaminants were seldom encountered but when present they became evident within two or three days as demonstrated by turbidity of the medium associated with reaction change.
The following carbohydrates and derived carbon compounds were tested for utilization by each organism:monosaccharidesglucose, arabinose, fructose, and galactose; disaccharidesmaltose, lactose, and sucrose; polysaccharides-inulin and raffinose; alcohols-mannitol, glycerol, athyl alcohol, and salicin; salts of organic acids-sodium lactate, sodium citrate, and sodium acetate.
The organisms used in this work are the same as those reported in a former article (1930) . The species names of these organisms are given in the tables.
Inoculations were made into the synthetic media from glycerol agar cultures. Whenever possible, a thin section of inoculum was made to float on the surface of the media. Where this could not be done, as with those organisms which produced a butyrous or mucoid growth, the organisms were smeared on the side of the tube at the surface of the liquid.
The cultures of the various organisms were kept at temperatures which permitted optimum growth. The cultures of Myco. atrum were incubated at 41°C. while the cultures of Myco. chelonei, Myco. ranae, and Myco. buty7icum were incubated at 200C. The remaining organisms were incubated at 370C. The air of the incubator was maintained at a high relative humidity throughout the incubation in order to minimize evaporation. The duration of incubation varied as shown in tables 1, 2, and 3. As stated above the results were read on a basis of two criteria. The first of these was whether or not observable growth occurred. That growth depended upon utilization of the carbohydrate is shown by the fact that with several of the carbon compounds used no growth was obtained. At the termination of incubation each culture in which there was any evidence of growth was checked by staining, using Ziehl-Neelson stain, in order to rule out growth of contaminants.
As a second criterion for utilization, the reaction changes of the cultures were followed. This has not been done by previous workers who employed this method for determining carbohydrate utilization. The type of reaction changes differed, as will be shown later, depending upon the carbon compound included in the media. The change in hydrogen ion concentration in each set of determinations was controlled by uninoculated tubes of media subjected to the same incubation conditions. This was essential because there was some change in reaction in the control tubes as well as in the inoculated tubes as incubation proceeded.
The hydrogen ion concentrations were determined colorimetrically, the series of standards being prepared as outlined in a previous article (1930) . These standards were graded on a basis of a difference in pH of 0.2 from pH 5.8 to 8.6. Since phenol red was used as indicator, readings below pH 6.6 or above pH 8.2 were only approximations. Nevertheless, these readings were sufficiently accurate for the purpose intended, since, in the final analysis, it was the difference between the inoculated cultures and the uninoculated controls that was of importance.
In recording the results, any reactions noted which were below pH 6.4 or above pH 8.4 as shown by comparison with the standards are recorded as plus or minus ( +) 6.0 or 8.6 respectively.
In tabulating growth obtained the following symbols are employed: minus (-) The tables show the hydrogen ion concentration of the cultures at the end of fourteen and twenty-eight days of incubation and the growth at the end of twenty-eight days (except in the cases which are marked otherwise). It should be noted that the general tendency was for the changes in hydrogen ion concentration to be proportional to the growth. In those cases in which there was a rapid change in pH there was almost constantly a rela-tively abundant growth. On the other hand where the growth was slight a reaction change beyond that found in the uninoculated controls was in some cases hardly discernible. These points are emphasized by the results in the tables.
The results of the utilization determinations are summarized in table 4. It is to be noted that glycerol was utilized by all organisms studied. Glucose was utilized by all except the M-1 and bovine strains of Myco. tuberculosis. It is possibly significant that acetic acid is utilized by so many of the organisms. In the majority of cases the utilization of acetate was more prompt and yielded a better growth than was the case with glucose. Lactate was likewise utilized by a majority of the organisms. Varying degrees of utilization of the other carbon compounds are shown. The more saprophytic species utilized a larger number of the carbon compounds studied than did the more parasitic forms. There are undoubtedly some variations in the degree of utilization of individual strains within the same species as is demonstrated by the three strains of human type tubercle bacillus studied. A similar variation was noted in the various strains of Myco. leprae reported in a previous article (1930). An alternative hypothesis is that some of the carbohydrates can be utilized by the organisms except that the rate of cleavage is too slow to permit active metabolism, which latter is really all the method used for the work here reported would show. Until studied further, however, these suggested explanations must be regarded as pure hypotheses.
The varied utilization of carbon compounds by the organisms studied is undoubtedly of some differential value. For example Myco. leprae and Myco. friburgensis can be separated from the remainder of the group by their ability to utilize sucrose. They can be differentiated from each other on a basis of mannitol utilization by Myco. leprae and lack of utilization by Myco. friburgensi. Again, Myco. berolinensis and Myco. stercusts are differentiable from the remaining organisms studied by their ability to utilize inulin, maltose, and salicin; but there appears no way of distinguishing the two from each other from the results presented.
The above differential possibilities hold well enough for the particular organisms studied. The question arises, however, as to the constancy of. the utilization by various strains of the same species of organisms. It was observed in the preceding report (1930) that some strains of Myco. leprae utilize sucrose whereas other strains will not. It was found that all strains studied which were of known human origin utilized sucrose; the strains of rat origin possessed no such ability. Possibly the two organisms should be classified as two separate species. It is significant that in so far as the same carbohydrates and the same species of organisms were used the results reported in this paper are for the most part comparable to the results reported by Kondo and associates. Since a greater number of organisms and several additional carbon compounds were included in this work than were reported by the previous workers an absolute comparison of results cannot be made. However the reported results are at variance in only two instances. The former workers report no utilization of lactate by Myco. chelonei whereas I was able to demonstrate utilization following three months incubation of the cultures. There are also some discrepancies in compounds utilized by the human strains of Myco. tuberculosis. I was unable to demonstrate utilization of glucose by the M-1 strain or of acetate by the H-37 strain of the latter organism. Kondo et al. reported very slow utilization of glucose and definite utilization of acetate by the human strain they employed.
From the results obtained thus far, some doubt is therefore thrown upon the constancy of the utilization of the same carbon compound by the various strains of the same species of organisms. Especially is this shown to be the case with the human strain of Myco. tuberculosis. The slow growth of the pathogenic strains of this organism, even under optimal conditions for growth, introduces difficulties in determination of utilization by the methods here employed that undoubtedly plays some part and perhaps even a predominating part in the production of the variations encountered.
Attention should be called to the type of reaction changes observed in the synthetic media whenever utilization took place. In the case of the carbohydrates and alcohols the change was uniformly toward increased acidity. This contrasts strikingly with the uniform change towards increased alkalinity encountered when the organisms were grown in carbohydrate broth (1930) . The discussion of the cause of these reaction changes will be considered in a subsequent paper. On the other hand wherever acetate, citrate, or lactate were utilized there was in each case a pronounced primary change in reaction to the alkaline with a subsequent decrease in alkalinity, the terminal reaction being near that at the time of inoculation. The primary change may be
